ABSTRACT. Introduction. Booster seat use in the United States is extremely low among 4-to 8-year-old children, the group targeted for their use. However, more recent attention has been paid to the role of booster seats for children who have outgrown their forward-facing child safety seat. In particular, several states are currently considering upgrades to their child restraint laws to include the use of booster seats for children over 4 years of age.
M otor vehicle crashes remain the leading cause of death for children over age 1 in the United States. 1 Despite significant increases in restraint use for children over the past 25 years, 2 many children are not restrained properly for their age. 3 This problem is particularly prevalent among children 4 to 8 years old. These children have typically outgrown a forward-facing convertible child restraint, yet are not big enough to use the vehicle seat belt properly. Current guidelines from the American Academy of Pediatrics 4 and the National Highway Traffic Safety Administration (NHTSA) 5 recommend that children from 40 to 80 lbs and up to 57 inches in height should use a belt-positioning booster seat. Recent data have documented that young children in seat belts are over 3 times more likely to be injured in a crash than children in ageappropriate restraints. 3 In response to this problem, the NHTSA and other organizations have begun to emphasize the importance of booster seats in public education campaigns. 6 In addition, several states (WA, CA, AR) have recently passed upgraded child restraint laws that require the use of booster seats for children over age 4. Many other states are actively considering similar upgrades to their child restraint laws.
In light of this recent activity to promote and/or legislate booster seat use, the objective of this study was to assess current trends in booster seat use in 3 large regions of the United States. This information would be of use to public health professionals and policy makers to justify or target efforts to increase booster seat use.
METHODS
This study was conducted as part of the Partners for Child Passenger Safety Project. Detailed descriptions of the study population and methods involved in data collection and analysis have been previously published. 7 Briefly, the project consists of an ongoing, large scale, child-specific crash surveillance system created by linking electronic insurance claims data at State Farm Insurance Companies (Bloomington, IL) to telephone survey and crash investigation data. The insurance claims function as the source of cases, with the telephone survey and onsite crash investigations serving as the primary sources of data.
Crashes qualifying for inclusion in the surveillance system are those involving at least 1 child occupant Յ15 years of age riding in a model year 1990 or newer State Farm-insured vehicle. Qualifying crashes are limited to those that occur in 15 states and the District of Columbia, representing 3 large regions of the United States (East: NY, NJ, PA, DE, MD, VA, WV, NC, DC; Midwest: OH, MI, IN, IL; West: CA, NV, AZ). On a daily basis, data from qualifying and consenting claims are transferred electronically from all involved State Farm field offices to researchers at the Children's Hospital of Philadelphia and University of Pennsylvania (CHOP/Penn). Data in this initial transfer include contact information for the insured, the ages and genders of all child occupants, and a coded variable describing the medical treatment received by all child occupants.
The data are then subjected to an automated sampling algorithm to select a representative sample of claims to be included in the surveillance system. Crashes involving children who were treated in emergency departments, physician's offices, or admitted to the hospital are oversampled to ensure the capture of all injured children while maintaining a representative sample of all crashes. Sampled claims are then transferred electronically on a daily basis to Roper Starch, Worldwide, Inc (Princeton, NJ) for the conduct of a telephone survey with the driver of the vehicle and parent(s) of the involved children. The survey was designed to ascertain information on the circumstances of the crash, including the type of restraint system used by each child, as well as injuries to all child occupants, and has been previously validated. 8 Parents were asked a serious of questions requiring them to describe the type of restraint used by their child (eg, the presence of a harness) and whether or not the seat belt was used to secure the seat. In this way, we could distinguish booster seats from child safety seats.
Separate verbal consent is obtained from eligible participants for the transfer of claim information from State Farm to CHOP/ Penn, for the conduct of the telephone survey, and for the conduct of a crash investigation. The study protocol was reviewed and approved by the institutional review boards of CHOP/Penn.
Because study participants are sampled with different probabilities depending on their medical treatment received after the crash, the study sample was weighted with weights inversely proportional to their probability of selection. All analyses were then conducted on the weighted population to reduce the effects of bias introduced by the sampling procedure. Descriptive statistics, consisting of frequencies for categorical variables, were determined. Changes in booster seat use over time were assessed with logistic regression analysis using the date of the crash as the independent variable and booster use as the dependent variable. Separate models were created for each year of age as well as for the overall 4-to 8-year-old population. Results are expressed as probabilities of booster use (with associated 95% confidence intervals [CI]) at the beginning and end of the time period, as well as the annual average percent change in booster seat use. Trends in booster seat use were examined for yearly age groups of children to identify evidence for changes in the age at which parents used booster seats over the time period of study.
RESULTS
Between December 1, 1998, and November 30, 2000, completed survey data were obtained on 11 643 children who were then weighted to represent 113 387 children from 0 to 15 years of age involved in 73 382 crashes. In the overall population, booster seat use was confined to children between 2 to 8 years of age. There were 53 834 children in this age group, representing 47% of the entire population. Table 1 provides descriptive information on these children.
Overall reported restraint use was 97% among 2-to 8-year-olds. Figure 1 shows the type of restraint used by children at each age, averaged over the 2-year time period. Booster seat use peaked at age 3 (30%), declined dramatically beginning at age 5, and was virtually nonexistent over 6 years old. Among the 6171 children using booster seats, 3219 (52%) were using a shield booster seat and 2952 (48%) were using a belt-positioning booster seat. The type of booster seat used varied with age, with younger children more likely to use shield boosters (67% of 2-to 3-year-olds vs 39% of 4-to 6-year-olds). Because younger children were less likely to use boosters over time, belt-positioning booster seats accounted for an increasing proportion of boosters over time. Figure 2 shows trends in booster seat use over the time period of the study for specific ages of children. Booster seat use among 4-to 8-year-old children, the targeted population for their use, increased significantly from 4.6% to 13% over the time period of study, representing an annual increase of 74% (95% CI: 20%-150%). The greatest age-specific increase in use occurred among 4-year-olds, rising from 14% to 34% over the 2-year period, representing an annual increase of 80% (95% CI: 10%-190%). Booster seat use among 3-year-olds demonstrated a declining trend over time, although this trend was not statistically significant (annual average: 10%, 95% CI: Ϫ40%-50%). This trend was offset by a similar trend demonstrating increasing use of child safety seats among 3-year-olds over time (not shown).
When analyses were restricted to the use of beltpositioning booster seats, the type currently recommended, a significant increase in use was seen among all 4-to 8-year-olds, from 3% at the outset to nearly 9% at the completion of the time period (annual average increase: 90%, 95% CI: 10%-220%). Figure 3 demonstrates the proportion of 4-to 
DISCUSSION
Results of this study show that, although overall booster seat use remains low among the population of children targeted for their use, there have been significant increases in use noted among 4-to 6-yearolds during the 2-year time period of this study. In particular, results demonstrating a trend toward maintaining 3-year-olds in child safety seats, with a large increase in booster use by 4-year-olds, suggests that a greater proportion of children are remaining in a forward-facing child seat up to age 4 and then transitioning to a booster seat, which is consistent with current recommendations. Data demonstrating essentially no use of booster seats among 7-and 8-year-olds suggests that parents of these children must also be counseled regarding current best practice recommendations.
It is important to highlight that, based on current recommendations for optimal restraint of children, many children using shield booster seats were not, in fact, restrained optimally. Shield booster seats have been decertified by the NHTSA for all children except those weighing between 30 and 40 lbs. Even in this weight group, the American Academy of Pediatrics recommends the use of a full harness child restraint as current best practice. Pediatricians should ). These individuals have participated in thousands of community-based child safety seat clinics and have been a source of information on appropriate restraint guidelines, including the use of booster seats. In addition, several government-and industrysponsored initiatives have drawn significant media attention to the importance of booster seats. The NHTSA made booster seats the focus of its Child Passenger Safety Week educational campaign in February 2000. State Farm Insurance Companies has conducted a nationwide education campaign of its 35 million policyholders via a mass mailing of information on booster seats. Ford Motor Company, through its BoostAmerica campaign, has also increased the public's awareness of the need for booster seats, and is distributing 1 million booster seats across the country.
Our study suggests that these public education efforts have been effective in increasing booster seat use, particularly among 4-year-old children. A recent survey, conducted in December 2000 (the end of the time period of the current study) suggests that parental knowledge of booster seats has increased over the time period of this study. 9 At the present time, 3 states (WA, CA, AR) have passed legislation upgrading child restraint laws to include the appropriate restraint of children age 4 and over in booster seats. Several other states have also recently drafted upgraded child restraint laws to include the use of booster seats. At the current time, federal legislation is being drafted to encourage states to upgrade their child restraint laws to include the use of booster seats for children 4 years of age and over. 10 Our results may assist state and federal policymakers by demonstrating the current level of interest on the part of parents to optimally restrain their older children.
Nearly all of the data for this study was obtained via telephone interview with the driver/parent of the child and is potentially subject to bias, specifically, the parent/driver overreporting of restraint use. Ongoing comparison of parent-reported restraint use to evidence from onsite crash investigations has demonstrated excellent accuracy (83% agreement) of the parent report. In addition, given the manner in which parents were asked to describe features of the seat and how it was used, it is unlikely that parents would report use of a booster seat when they were not, in fact, using it.
The Partners for Child Passenger Safety surveillance system is limited to children occupying model year 1990 and newer vehicles in crashes in 15 states and the District of Columbia. Results of this study may, therefore, not be generalizable to children occupying older or uninsured vehicles, or to children residing in nonstudy states.
CONCLUSION
Although significant increases in booster seat use among 4-to 8-year-old children were seen over the 2-year study, overall booster use, particularly among children over age 4, remains very low. Given that data now exist to document the additional safety benefits of booster seats over seat belts alone, 3 it is imperative that efforts to upgrade child restraint laws and educational efforts directed to parents and children include language about the importance of booster seats. Pediatricians can play an important role in advocating for these legislative and educational efforts to improve the safety of children in cars.
